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It was determined spectrally that a monomer-dimer
equilibrium exists in aqueous solutions of Ni -TSPC
a concentration range of 5 X 10- 8 _ 10 - 4 M.

4- over

EqUilibrium

measureme nts were made under natural ionic strength conditions
at 29°, 39° and 49°c.

The values obtained for the equili_

brium constants at 29°, 39° and 49°C were 2.4 X 10 8 , 6.6 X 10
7
7
l
and 2.9 X 10 M- , respectively. These re su lts indicated
tha t the equilibrium strongly

~avors

dimer formation.

This

study also showed that nickel is second to copper in enhancing
the dimerization of metallotetrasulfoPhthalocyanine complexes.
However, metals in gene ral inhibit dimer formation relative
to the free ligand.

Th e dimerization reaction cf Ni -TSPC

4-

exother~ic with thermodynamic parameters of: ~Go = -~1. 6
kcallmole, ~Ho = -20. 9 kcallmole, and ~So = -31 e.u. The
is

dimerizati o n process is thus favored from an energetic point
of view despite the unfavorable entropy change.
Spectral measurements made on Ni-TSPC 4- in aqueous_
pyridine solutions in the concentration range of .5 _ 6.0%

pyridine (by volume) indicated a dipyridinated dimer complex

4of Ni-TSPC

was formed.

Using a modified version of the

Benesi-Hildebrand equation, the fOllowing equilibrium was
proposed:

D + 2Py

=

D(PY)2.

The overall equilibrium constants

for this system at 15°, 21°, 30° and 40°C were 1.7, 1.9, 2.8,
2
3.6 and 4.4 M- , respectively. The equilibrium reaction is
endothermic with thermodynamic parameters of:

AGo = 6.2

kcallmole, AHO = 6.9 kcallmole, and ASo = 25 e.u.

Thus, the

equilibrium reaction was favored thermodynamically due to
the favorable entropy change associated with the pro cess .
Ligand studies indicated that only pyridine and polypyridine ligands bind to Ni-TSPC 4- and cause a spectral change.
This study also showed that Ni-TSPC 4- cannot be used as an
oxygen carrier in biological systems.

INTRODUCTIO N
Phthalocyanines are organic macrccyclic compounds which
are of industrial and biological interest.

Their industrial

importance reside with their electrical properties which
make them quite suitable as semiconductors and photoconductors
while their staining properties are of vital interest to the
l
dye industries.
Phthalocyanines are of biolog ical interest
becaus e they are structurally similar to the porphyrin molecule.
Their rin g system consists of four isoindole unit s linke d by
azo nitrogens, whereas the porphyrin has methine linkages
2
instead.
Both are hi g hly aro matic compounds havin g 18 pi
electrons which conform with

H~ckel's

4n+2 rule of aromaticity.

Both are amphoteric in that hydro gen can b e lost from two of
the four nitrogen donor atoms

to form the dianion or prot o -

nation can occur at the other t wo ni t ro ge n donor atoms .
these reas c :.'

Fo r

examining the p r operties of phthalocyanine

systems co ul d l e nd some insi ght into understandin g the b e havior
of po r phyrins in biolo g ical systems.
Hemes and chlorophylls are examples of po r phyrins
wh ic h a ggre gate b ot h in aqueous and nonaqueous solvents . l , 3,4
Aggre gat i on o f hemes could be important in their role of
oxygen carriers in biological syst ems whi le polymerization
of chlorophylls could influence their role in photo-oxidation
of water durin g photosynthesis.

1

2

A.

Polymerization of Metallophthalocyanines

Studies have been made on various chemical and physical
properties of

tetrasulfophthalo~yanine

(TSPC) and its metal

de rivatives (M-TSPC) which are soluble in water.

4-10

Solu-

tions of phthalocyanine (PC), M-PC, TSPC and M-TSPC have
be e n examined spectrally over extended concentration ranges
in va rious solvents at r oom temperature . 1 ' 4 , 5 , 7-1 2

Many

follow Beer's Law in organic solvents but large deviations
from Beer's Law occur in aqueous solutions which has been
attribut e d to aggregation. lO ,13

Most studi e s made on the

polymerization properties of M-TSPC systems hav e been limited
to the dimerization s tage by examining dilute solutions.

The

spectra of these solutions in concentration ranges of approxi mate ly 10- 7 - 10-5 M reveal an isosbestic point and two bands
at the far end of the visible range, which has been attributed
to a monomer-dimer equilibrium.

The monomer band in th e s e

systems is always located at the longer wavelength while the
other band has

, en assigned to the dimer.

High concentrations

appear to favor formation of th e dime r while the converse is
true for the monomeric species.

When these solutions are

diluted, the dimer dissociates to form monomer.

Similar

behavior has been displayed by porphyrins an d dye compounds

~Ihich aggregate in solution . 7 - 16

Higher aggregates form in

these systems when the dye concentration exceeds 10-5 M as
evidenced by a single absorption band which und ergoes a
spectral shift to lower wavelengths .

This ba nd appears to

broaden and lose intensity compared to the monomer and dimer
bands . 13 ,16,17

Spectral studies show that increasing t he

3
temperature favors the formation of the monomer at the expense
of the dimer since part of the heat supplied can be used to
dissociate the dimer.

It has been reported that using very

dilute solutions and high temperatures frequently allows the
equilibrium to be driven completely to the monomer stage . 7- 9
For example, the monomer - dimer equilibrium of a 10- 7 M CO_TSPC 4 aqueous solution was shifted completely to the monomer by
raising the temperature to 81 o C.

Sa

The relative l y high nega -

tive charge on the monomeric species makes the po l ymerization
process very se n sitive to ionic strength effects in that added
electrolytes favor polymer formation.

Bernauer and Fallab

report that the addition of salts to several metallophthalo cyanines convert the monomeric s p ecies into the dimeric species .
Small amounts of NaCI0 4 tend to stabilize the dimer of Fe - TSPC 3 ~lhile large amounts of NaCI0 4 cause further aggregation. 7
Salt effects have also been examined on the Co - TSPC 4- system
using electronic spectra and concentration - jump relaxation
techniques.

8a

systems. 19 , 20

Similar salt effects were found in porphyrin
Addi Li0n of acid or base favors the formation

of dimer since they be h a ve like salts.

The proton prevails

in acid solutions while the hydroxide ion acts as the anion
in alkaline solution. 9

Under s l ightly acidic or basic con -

ditions, in a 1:1 DMF : H 0 mixt ure (by volume), the Mn - TSPC 32
system

\~as

found to form mixed hydroxide compl e xes and t he
21
dinuclear compound, [(H 2 0)Mn(TSPC)-O - (TSPC)Mn(OH)]9 -.
Several studies on metallophthalocyanine systems i nd i -

cate that addition of o r ganic solvents such as methanol,
ethanol, d imethylsu l foxide , and pyridine cause the dimer t o

18

diSSOCiate with a r es ulting shift of t he equilibri um to the
5
monomer. ,7 , 9 Very few studies on M-TSPC have been Conducted
22
in pure orga nic so lvents .
Spectral st udi es made on the
COpper(II), VO(II), and Zn(II) Complexes of tetraalkYI_
Phthalocyanine (TAPC) in benzene show dimerization occurs.

l

Similar behavior was disPlayed by CU-TAPC in various other
organic solvents. II

The dimerization of CU-TAPC in various

organic solvents decreased as follows:

carbon tetrachloride>

benzene> toluene> chloroform> dioxane> DHF > THF.

It

was found that the aggregation tendency of this dye is
diminished in solvents where the dye is more soluble.
I h
b
t as een propose d f or th e
sys em
CO-TSPc 4t
that
the dimer in solution is formed by the overlapPing of extended Pi electron clouds of the highly conjugated TSPC
molecules of tl"lO parallel monomeric species staggered and
6
The calculated distance between
stacked abOve one another.
the two monomers of the CO-TSPC 4- , CU -TSPC 4- , and VO-TSPC 4_

d1mer,6,23 '" "',t1," .ere 51 a "d 4. 3

~ a"d 4.5 I ,

r "peot1vely,

while that of Phthalocyanine 24 and Ni_PC25 dimers in the
solid state were both reported to be 3.38

A.

Comparing

these values with that of CO -TSPc 4- obtained in sOlution
Suggests that the separation between monomer units in the
dimers of M-TSPC systems may lie between 3.38 and 5 A.
o

In order to form the dimer, the dye-dye interaction
mus t be strong enough to overcome any forces which would
favor dimer dissociation.

A low dielectric Constant of the

solvent enhances dissoCiation due to the reduced screening
of the dye-dye interaction by the sOlvent.1

It has been

5
propo,ed that in ,olvent, of low dieleetrie eon,tant, the
dye-dye interaetion i, the drivinB fore e for dim,ri,ation.26
In the ea,e of wat,r, the dye-dye interaetiO

n

i, probablY
te
not the major foree eau,inB the monom,r to a"oeia . In,tead,
,tronB ,olvent-,Olv,nt interaetiO n , are po,tulated whieh t,nd
n
to e,el
the dye moleeu1e, from ,01utio eau,inB them to
t
ude
a BBr'Bat,.' Frequ,nt 1y, aBBr'BatiO n in organie ,olv,n , of
ed
relativelY hiBh diel,etrie eon,tant i, redue
or i ' minimi,ed
n
whieh 'UBge,t, that ,olvation int,rf,r"
In ,ueh ,olvent"

with the aggr, gatiO .

aggr'Bat"

are , table only at lOW t,mperature,
ene
r
und,r eonditiO ' of hiBh vi,eo,ity.'3 Other faeto , influ
n
ing dimerization have been report ed s uch as the additive

foree' of Van der Waal and int,rmol,eular hydroBen bonding
27
between the monomeric species.

.,thOUg

there have been "veral ,tudie' mad' en ,ub,ti-

h
tuted and unsubstituted phthalOCyanine complexes of

CO'III",6,8,12,18,28

. ,111"""",8,23,2' VO'III",ll,23
1
zn,III,'1,18,3 ,3 1 Fe , IlI,7,lO,28 , 3 Mn,III,28,31 Mn'IIII,21U
0
Cr'III,3 Ni'III",20, 28 , 30 ,31 and .2TSPC '- ',5,18 in aqueO '
1
solution or organic solvents, nothing has been reported onr

th' .rop,rtie, of Ni-TSPC 4- in aqueo U ' ,01u
the first p art of

th~S

study deals

wi~h

tion

.

Th,refo "

the pol ymerization

pro."ti" of Vi-TSPC 4- in aqu,"ua ",utio

n

"h'"

,on ean be mad' with that of oth,r ._TSPC ,yatem' ,

a eomparieal
• typi

structure of M-TSPC is presented in Figure 1.
B.
Ligand Binding studies
It is well known that metals provide coordination sites

Figure 1.

Typical Structure of a Tetrasulfonated
Metallo phthaloCyanine complex.

so-3
so-3

so-3

so-3
so-3

so-3

8

in many naturally occuring biological substances containing
macrocyclic compounds such as the metalloporphyrins.

Their

biolo gic al functi ons often are influenced by the nature of,
or the exchange of, labile extraplanar ligands as well as the
variable oxidation states of the metal . 32

Therefore, ligand

binding studies may provide more insight into the behavior
o f these specie s in biological systems .

The axial ligand

bindin g properties of phthalocyanines have not been explored
to the extent of the porphyrins.

Studies which have been

made on pht halocyanine complexes have dealt mainly with
Co-TSPC

4-

, Mn-PC, and Fe -PC.

Weber and Busch investigated

the addition of several ligands such as pyridine, imidazole,
benzimidazole, nitrite and cyanide to Co -TSPC4- and observed
that the strongly binding li gands, cyanide and imidazole,
facilitate oxidation of the Co-TSPC 4- by atmospheric oxygen
28
to Co(III) derivatives.
Spectral studies made on the
reaction of Mn-PC with pyridine in the absenc e of air show
that Mn-PC(pY)2 forms, wh i'~ exposure to air allows the
dinuclear species of oxyge n

( MnPCPY)2 0 to fo rm. 33

In the

Fe-PC system, the exchange of imidazole, pyridine and other
nitrogenous bases for solvent in dimethysulfoxide occurs . 35 - 37
Mo reover, some studies investi gated the addition of aromatic
nitr

n

S0

compounds and hydrochloric acid to this complex . 38,39

Ki netic studies have also been made on the addition of ligands
40
to Fe_ pc . ,41 A survey of the literature shows there has
been no l igand binding studies made on Ni - TSPC 4- .

Therefore,

the second part of this study pertains to axial ligand

9
coordination on this extraplanar complex.

The results of

this work will be compared with other analogous nickel compounds.

EXPERIMENTAL

A.

£i.a tel'ial~
1.

Ni-TSPC 4_

-

-

The t etra'Od'om 'alt or " -TSPC4- o'ed 'n th"
' ' I t wa. Obta'ned rrom Charle, J. Hont, at We"ern Kent"ky

Un"e,,'tY"ho P,epa,ed 't by lite'ato'e method,

'h"e the

to P'e'ent the ab'orption or atmo'Phe"o mo"to,e.

The 'Peo-

28
othe, 'a, a g'rt rrom Dr. DarYle H. "O,oh,or Ohio State Un'.
e
'er"ty. The dark blo 'ol'd wa, kept 'n a vaooom de"'oator
4
values.
t'al P,ope't'e,
or both 'alt, oompared 'ell "th "terato'e
2.

e an

ryl'idi~

Reagent g'ade PY"d'ne PO,oha'ed rrom Mathe,on ,

COl • , and "ell 'a, rO'the, POrir'ed by lea"ng the Pyr'd'ne
o'er Pota", om hYdroX'de ro, '''er., day, . The 11, oi d wa.
th en rerloXed o'er Pota",o. hYd'oX'de ror haIr an hoo, bero'e
being di't"'e d .

The r,aotion bO"ing at 115.0 C 'a, OOlleot.

ed 'n .b'own
sieves
42,43 bottle, and 'tored o'er L'nde "

10

0

mOleoolar

3.

11

DimethylSUlfoxide

This research grade solvent was purchased from

J. T . Baker Chemical Company and used with no further purification.
B.

Apparatus
1.

Cary Model 14 Recording Spectrophotometer

The spectral and equilibrium measurements were
obtained on a Cary Model 14 recordin g spectroPhotometer
which ca n be Used in the ultravi olet , visible and n e ar infrared spectral regions.

The sp e c tra l measurements in this

study were limited to a range of 300 -700 nm (the visible
region).

A thermostatable sample Jacket, Cary No . 1444100

was inserted in the sample compartment of the Cary Model 14
spectroPhotometer to maintain the solutions at a constant
temperature inside the spectral cell.

A Haake Model FE

constant temperature circulator bath was used t o pump water
through the sample Jacket via 1/4 inch tygon tubin g .
this

Using

.'; sembly permits the temperatures of the solution in

the s p ectral cell to be mainta ined within ± 0.030c at tempera _
tures of 25 ° to

BooC.

For work at lower temperatures, i c e

was added to a bucket of water which was fed to the Haake
circulator via a vertical centrifuga l immerSion PUlllp , Model
2G159 ma nufactured by Gelber Pt:mp Company.

Conn:?ctiollS to

and from the pump consisted of 1/4 inch tygon tubin g.
Cy lindrical quartz cuvette cells of 0.01, 0. 10,
0.20, 0 .50, 1.00 and 10.00 cm path lengt hs were Used for the
spectroPhotometric measurements.

When very small absorptions

12
could not be adequately measured with the 10.00 cm Spectral
cells on the

a -

2.0 slidewire, the more sensitive slidewire

with a 0 - 0.2 absorption range was utilized.
2.

Portable Microprobe

Thermome~

The temperature of the dye solution lvas accurately

measured by Using a portable microprobe thermometer, Model
Bat-4 man Ufactured by Bailey Instruments Company, Inc.

The

liquid immersion probe of the thermometer is 0.025 inches
in diameter and is 3 feet in length.

The probe is totally

encased in a ch emical-reSistant teflon sheath.

The immersion

probe, Mode l No. 8506-75, and the portable thermometer were
purchased from Cole Parmer Ins t rument Company.

The diameter

of the probe was selected so that the probe can be placed
in the Spectral cell containing the dye solutions for better
accuracy of t he temperature measurements.

The compartment

was cOvered to allow the temperature of the solution to
eqUilibrate faster and to reduce excessive heat losses to
the atmosPhere at the . t gher temperature conditions.

3.

Balance

A di gita l analytical balance was Used for the
weight measurements.

The instrument ha s a 100 mg _ 200 g .

range With an accuracy of ± 0.10 mg.

The a nalyti cal balance,

Mo del 2402 was made in Go ttingen, Germany by Sartorius_
Werke AG.
C.

Sample Handling

A fresh stock solution of 10- 5 M Ni-TSPc4- was prepared prior to each experiment.

The stock solution was

13
diluted to obtain a series of solutions at different concentrations.

In order t o dissolve the salt completely and

obtain a homo ge neous mixture, all solutions were heated and
stirred for approximately 20 minutes.

When the solution in

the spectral cell was heated above 50°C, air bubbl es formed
whi c h interfered with the spectral meas urements.

Th e refore,

it was necessary to preheat and de-aerate the solutions with
nitrogen or a r gon for thirty minu tes to remov e the air bubble s.
Volumetric flasks and spectral cells were cove red at a ll
times to prevent evaporation of the solutions.
occas ions, the commercial
cells created problems.

On a few

teflon covers for the spectral
When the dye in the 10.0 cm spec-

tral cell was heated above 50°C, the teflon covers expanded
and sealed the cell.

At a bout 70°C, the pressure resulting

from the expansion o f the solution can blowout one of the
cell windows (actually oCcurred tWice).

Consequently, g lass

stoppers or parafilm should be used wh e n performing spectral
studies at high

temperature ~ .

with 0.1 M HCI

t h en flushe d with deionized distilled wate r

and dried prior to use.

Spectral cells were cleaned

The position of the spectral cells

were checked prior to each spectral measurement to ensure tha t
the cells were not tipped to one side.

Improperly placed

cells ~an interfere with the spect ral measurements.
D.

Spectroscopic Meas urements

This section is divided into two parts.

Th e first

part discusses the spectral measurements made on the

4Ni-TSPC

system in aqueous and in aqueous-pyridine solutions.

14
The second part deals with the equilibrium measurements
made on Ni-TSPC
1.
4

4-

in these two media.

Spectral Meas urements

Spectral measurements were made on aqueous

Ni-TSPC - solutions in the concentration range of 2 X 10- _
8
-4
10

M Over a wavelength range of 300-700 nm.

An isosbestic

pOint at 644 nm and two bands at the far end of the visible
range were observed which has been attributed to a monomer_
dimer equilibrium.

The spectrum of this system was similar

to that of oth e r metalloPhthalocyanine systems. 8 ,19,18
This system like all the others has the band at the longer
wavelength (666 nm) assigned to the monomeric species, while
the band at the shorter wavelengt h (630 nm) has been ascribed
to the dimer.

Since the absorption bands of the monomer and

dimer overlap, it was necessary to shift the monomer-dimer
equilibrium completely in each disired direction in order
to obtain the molar absorptivities of each species.

For the

monomer, this was accomplished by raisin g the temperature
8
of a very dilute (2 , 1 0 - M) solution until no further increase in absorbance wa s observed at the monomer absorption
maximum.

The temperature at which no increase in absorption

occurred was 85°C.

The calculated value of the molar a bsorp_

tiVity of the monomer, eM' at wavelength 666 nm is
5
l
1.55 X 10
-lc m- . The molar absorptivity of the monomer
was also obtained at 25°c by adding DMSQ to an aqueous sol ution
8
4
of 2 X 10- M Ni-TSPC - until no further increase in the
monomer absorption band was detected.

The results were in

good agreement with each other and the literature value. 4

15
These studies show that over a temperature range of 25 0 - B5 0 C,
CM

does not vary app r eciably .
The complete shift in equilibrium to the dimer was

obtained by decreasing the temperat ure of a concentrated
4
(10 M) solution unti l no further increase in absorbance
at the dimer absorption maximum was observed.
at 11°C .

This occurred

The calculat e d value of th e molar absorptivity of

th e dimer, cD ' at wavelength 630 nm is 1 . 2 X 105 M- lcm- l.
The £D value at 29°C was also obtained by plotting lo g (l/C )

T
v e rsus log £ for a concentration range of 5 X 10 - B_ l

X 10 - 5 M

(CT values) and extrapolating to i n f i nite concentration, i.e.,

l/C T

0 , where £

---+

=

cD .

This result was in good agreement

with the value obtained by decreasing the temperature.

The

results of the spectral measurements of Ni - TSPC 4- in aqueous
so l ution are summarized below .
>. (log £max)

>'(log c

monomer

666 ( 5 . 19)

604 (4 . 72 )

32 4 (5.oB)

dimer

650 (sh)*

630 (5.0B)

333 (4 . B5)

max

)

>.(log c

max

)

*A ~ l ' Ia ve l ength units are in
nanometers with shoulder

de s i g nated sh .

Spectral measurements \~ere also made on Ni -TSPC4in aqueous - pyridine solutions in a concentration ran ge of
7
5
2 X 10 - 1 X 10- M. A pyridine concentration range of
0.5 - 6.0% (by volume) was used .

However , the specific

concentration range of pyridi ne u sed was dependent on the
tota l dye con c entration in order to ensure that no, or ne g li gi b l e amoun t s o f,mo nomer are present .

The spectrum of these

16
solutions revealed that another equilibrium was established
since a new absorption maximum and isosbestic point (652 nm)
was formed .

The complete visible absorption spectrum consists

of two bands, that of the dimer with an absorption maximum
of 630 nm and that of a pyridinated specles with a band at
672 nm.

Using a modified version of the Benesi-Hildebrand

equation, the molar absorptivity of the pyridinated species,
obtained. 44 ,45
2.

Equilibrium Measurements

Equ ~ librium constants were obtained from spectral

measurements made on Ni-TSPC 4- in aqueous solution over a
concentration range of 5 X 10- 8 - 1 X 10- 5 M at their natural
ionic strengths .

Spectral cells of 0.2, 0.5, 1.0 and 10.0 cm

path lengths (t) were used with the appropriate dye concentrations so that the product of lC

T was constant.

tra revealed an isosbestic point at 644 nm.

The spec-

When the solution

was diluted, the positions of the absorption bands in the
spectrum remained " he same, but their intensities varied.
The amplitude o f tn e monomer band increased at the expense
of the dimer band (s e e Figure 2) which lends support for
the monomer-dimer equilibrium .

Aggregation beyond t he dimer

stag e was not observed in this dye concentration ran ge.
The effect of temperature on the monomer-dimer
equilibrium was also studied .
solution of Ni-TSPC

4- at natural ionic strength were taken

at four different temperatures:
Figure 3).

Spectra of a 5 X 10-6 M

30°, 500, 600, and 7 0 0C (see

The spectra revealed the same isosbestic point

with high temperatures favoring the monomer at the expense
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Figure 2.

Concentration Effect on th e Monomer-Dimer
Equilibrium of Ni-TSPC 4- at 4 OoC.
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Figure 3.

Temperature Effect on the
Monomer-Dimer
EqUilibrium of Ni-TSPC 4_ •
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RESULTS AND DISCUSSION
The results and discussion of this study is divided
into two parts.
The first part deals with the dimerization
4
of Ni-TSPC - in aqueous solution while the other part is
concerned with the ligand binding properties of this complex.
A.

Dimerization of Ni-TSPC 4 -

The presence of an isosbestic point at 644 nm f or the
superimposed spectra of Ni-TSPC 4- aqueous solutions in the
concentration range of J X 10- 8 - 10- 5 M is consistent with
a monomer-dimer equilibrium which has been observed in other
4
M-TSPC - systems. 7- 9 , 29 Assuming a~ equilibrium exists
between monomer (M) and dimer (D), the fOllowing equations
are applicable:
2M = D

(1)
(2)

where CD and CM are the equilibrium concentrations of the dimer
and monomer, respectively, with fD and fM their respective activity coefficients.

However, in dilute solutions, the activity

coefficients a re unity yielding equations (3) and (4):
= 1

26

(3)

21
therefore:
( 4)

where Q is defined as the concentration quotient.

The con -

cent rat ions of monomer and dimer present in the equilibrium
at a given temperature can be obtained from the following
set of equations:
CT = CM + 2 CD

(5)

A;.e = EM CM + ED CD

(6 )

4
where C is the total concentration of the Ni-TSPC -, ~ is
T
the optical path length and A is the absorbance of the solution at a given wavelength.

Combining equations (5) and ( 6 )

yield the followin g :
CM = ( 2

Jllt

CT - CM

(8 )

2

In order to obtain the dimerization constant, KD, in this
system at a given temperat ure, EM and ED

mus ~ ~

determined.

Due to the difficulty in obtaining fM and fD' all equilibrium
measurements were made at natural ionic streng th conditions
from which the concentration quotients were extrapolated to
infinite dilution to obtain the dimerization constant.

CD

and C can be calculated from equat i ons (1) and (8) since A,
M
1 and CT are known experimentally while EM and £D are obtained by methods described in the experimental section.
Tables 1, 2 and 3 list the experimental data used in obtaining the Q values at 29°, 39° and 49°C.

The experimental
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Table 1
Concentration QUotients of the Ni-TSPC 4- Dimerization
in Aqueous So lution at 290c
A (0 2 )

C DO 7)
T
( M)

35.60

100.00

18.80

1.98
0 . 47

2 .38

30.40

23 . 50

2 .54

13.60

9 .32

10.00

5 .04

6.46

4.65

5.00

9.60

3.84

2.31

15 . 70

1. 38

0 .4 3

22 . 60

0.96

() 21

22 . 90

1. 00

0.27

Q (10- 7 )
D
(M- l )

47.80

20.00

3.87

( M)

CD DO 7)
( M)

44 . 80

50.00

7 . 70

C (0 8 )
M

0.50

values of monomer and dimer are 1.55 X 10
5
4
l
and 6 . 00 X 10 M-lcm- , resp ect ively , at 666 nm.

Note :

The

£
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Table 2
Concentration Quotients of the Ni-TSPC 4 - Dimerization
in Aqueous Solution at 39°C
A (10 2 )

CT (10 7 )
(M)

36.81

100.00

54.50

46.90

1.58

19.25

50.00

34.00

23.30

2.02

C (10 8 )
M
(M)

7
CD (10 )
(M)

Q (10- 7 )
D
(M- l )

8.25

20.00

18.00

9.10

2.81

4.48

10.00

11.80

4.41

3.17

2.35

5.00

6.80

2.16

4.67

0.61

1.00

2 .48

0.38

6.11

0.35

0.50

1. 6 2

0.17

6.44

Note:

The

£

values of monomer and dimer are 1.55 X 10 5

and 6 .00 X 10 4 M-1 cm -1 ,respectively, at 666 nm.
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Tab l e 3
Concentration Quotients
of' the Ni -TSPc 4 Dimerization
in Aqueous
Solution at 49 0C
A (0 2 )

43 . 50

C (0 7 )
T
(M)

C (0 8 )
M
( 11)

CD fl O 7)
(M)

100 . 00

108.00

50 . 00

59 . 20

22.00

20.00

28.70

5 . 15

7.88

10.00

17.20

2.72

5.00

22.00
9 . 59

0 . 74

1. 00

0 . 43

50

Note:

0.

9.76
3 . 48
2 . 20

46 . 10

4. 1 4

QD 00 - 7 )
(M-l)
0.4 0
0 . 63
0.96
1. 40

2 . 01

2 . 11

0 · 33

2.69

0.14

2 . 89

The c values of monomer and dime r are 1.55 X 10
5
6
and .00 X 1 0 4 M-1 cm -1 ,respectively , at 66 6 nm.
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Q values are graphed and extrapolated to infinite dilution

as shown in Figure 5.

390 and 49°C are 2.4 X
respectively.

The dimerization constants at
10 8 , 6.6 X 10 7 , and 2.9 X 10 7

32

Fi g ure 5 .

Determinat ion of KD from Concentration Quoti e nts
at Different Temperatures.

QI
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The large dimerization constants indicate that the
equilibrium favors the dimer.

The decrease of KD with

temperature shows that the dimerization process is exothermic.
This is consistent with the dimerization reaction which involves bonding between monomeric units in forming the dimer
with no axial ligands present on the monomeric species.

The

Gibbs - Helmholtz plot yields a 6Ho value of -20.9 kcal/mole.
Since the enthalpy change also includes the heats of solution
for monomer and dimer which are unknown, 6Ho cannot be
interpreted in terms of bond energy or heat of dissociation.
The negative value for the entropy change (-31 e.u.) is
consistent with a decrease in the number of species in proceeding from reactants to prod uct s and hence an increase in
the order within the system.

Despite the unfavorable entropy

change, the formation of dimer is favorable from an energetic
point of view (6Go = -11.6 kcal/mole at 29°C).

.

dynamic results for the dimerization of Ni-TSPC
solution are presented

i ~ ~able

The thermo -

4- in aqueous

4.

Table 5 lists the d imerization constants for a number
of tetrasulfonated metallophthalocyanine complexes including
An examination of Tab le 5 reveals that
2
the s t ability of the dimer de creases in the order : Cu + >
the ligand itself.

Ni 2 +

>

H+

>

Zn 2 + - V0 2 +

>

Fe 3+

>

C0 2 +.

Pl l of th ~ complexes

have neutral centers except the Fe 3+ complex which is 1.
The dimerization constant varies by nearly two orders of
magnitude within the series.
Cu

2+

, Ni

2+

and Zn

2+

The greater stability of the

dimers may be due to the lack of axial

ligands (H 0) present on their monomer units which would
2
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Table 4
4
Thermodynamic Parameters for the Ni_TSPC Dimerization Process
lISo
(e . u.)

7
KD X 10
(M- 1 )

lIGo
(kcal!mole)

lIHo
(kcal!mo1e)

29°

24 . 0

- 11.6

-20.9

-31

39°

6.6

- 11. 2

-20 . 9

-31

49°

2.9

-10 . 7

-20 . 9

-31

Temp
(0 C)
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Table 5
Dimerization Constants of Some Tetrasulfonated
Metallophthalocyanines

Metal

T
(0

C)

Log KD
(M- l)

61 0

Cu:?+

1.2

58 0

Ni 2+

7 . 1*

62 0

H+

7.0

58 0

Zn 2 +

6 .0

60 0

V0 2+

6.0

58 0

Co 2+

5.3*

60 0

,., e 3+

5.9

*Obtained

at zero ionic strength while all other values

were reported at natural or low ionic s trength.
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interfere with the formation of their dimer.

This point of

view is also supported by the crystal field theory which
predicts that dB, d 9 , and d lD systems form stable square
planar monomeric species while the octahedra : ge ome try is
more favored for the others.

If this is so, similar dimeri-

zation cons t ants should be obtained for all of the other
me ta ls which is not the case.
VO

The dime rization constants of

2+ and Fe 3+ are appreciably large r than Co 2+ indicating

other factors are involved .

In the case of iron , the overall

charge on the monomeric species is reduc ed by one compa red to
cobalt (an d the others) which would tend to reduce the coulombic
effects upon dimer formation and lead to a larger dimerization
constant.

The g reat e r stability constant of the VO

interesting .

2+ dimer is

It is tempting to suggest that the structural

features of the dimer in this system are different.

Since only

one open site o n the metal is available, dimer formation is
expected to be diffic ·, tt.

However, the possibility of metal-

me ta l bonding o r oxy g_ n bridg in g (VOV) would te nd to stabilize
the dimer and hence in cre ase the dimerizatio n constant .

Oxygen

bridg ing is known to oc cur in electron transfer r e actions
involving vanadium complexes. 9
~ould

However, at this stage, this

be only speculation as no structural data on the vanadi um

di me r in solution have been obtai ned.

Presently, the results

s uggest that metals in general inhibit or destabilize dimer
forma tion relative to the free li gand .
A comparison of the dimerization constant of the
4
Ni - TSPC - complex with Ni - TPPc ,4 6 Ni(En-proto - IX-DME ) 47 and
4
Ni(Meso-IX-DME)15 porphyrins (see Table 6) indicate that

Table 6
Dimerization constants of Ni(II) Porphyrins and
4
the Ni(II) - TSPC - Complex

Complex

T

(0 C)

Sol vent

\.I

( M)
H2O
5% CZf5OH- H2O

5 . 20

6 . 20

0.02

10% C2HsOH-H 2O
15% CZf5OH -H 2O

25

0.02

20% CZf5OH-HP

5 . 30

25

0.02

25% CZf50H -H 2O

4.15

25

0 . 02

30% CZf50H-H 2O

4 . 25

30

Natural

CHC1 3

1.19

29

0

H2O

8 . 38

25

0.10

Ni(En- Proto-IX-DME) 25

0 . 02

25

0.02

25

Ni - TPPC 4

Ni{Meso-IX-DME )
Ni_TSPC 4-

log KD

6.90

5 . 80
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the greater dimer stability is associated with the metallophthalocyanine comp l ex.

Perhaps this difference resides with

the fact that in tet ra sulfophthalo cyanine, nickel (II) is
located in th e plane of the ring while in the others it is
located above the porphyrin p l a n e .
cyanine complex, the mital

dB

Therefore, in tl e phthalo-

electrons can interact mo re

strongly wi t h the p i e lectrons of the rin g and increase the
e l ectron de nsi ty of the ring.

This in turn would tend to

promote dimer formation relative to the porphyrin systems .
B.

Ligand Binding Pr operties

Several li ga nds (see exper imental section) were added
to Ni - TSPC 4- in aq ueou s solution to de termine if any wo uld
coordinate to the axial positions of the complex.

On l y

py ridine, bipyridine , an d tripyridine ligands bind ac co rding
to spectra l measurements with pyridine
spectral changes .
examined .

effecting the l argest

Consequently, only t his li gand was

In aqueous pyridine solutions of Ni-TSPC

new isos bestic point at 65 '

4-

,a

f o rms indicat i n g t ha t a n
4
eq uilibrium between the li ga nd a nd Ni_TSPC - exists. The
.1llll

following equilibrium is proposed, D + 2Py = D(PY)2.

The

species present in the equilibrium and the equilibrium
constant we r e obtained from sp e ct ral measurements using a
modified version o f the Ben ~ si - Hildebrand equation listed
belo~1

:

(9 )

( EDL
nA

~

.lC

T

40

- ED)

2

1
8 (Py) n
2

=

- ED

+

1

(0 )

Where [PyJ = the concentration of pyridine added
DL
[E 2 J = molar oPtical a bsorptivity of the Pyridinated dimer
[ ED J = molar oPtical abso rptivity of the dimer
A = ab sorbance of the solution at a given wave l ength
pat h l e n g th

.l = oPti ca l

CT = total concentration o f Ni - TS PC 48 2 = oVerall equi l ibrium constant

n = number of pyridine molecules added to each species
2
ED)
Vs [LJ Where L = Py yie lds a
straight line With a slope of
1
EDL - ED and .:In intercept
of
1
2
US in g a 5 X 10 - 6
M Ni - TSPC 4- solution

OV,r a P,rldl0, OooO, otratloo raog, or 2- 6S (by vOl,m'l , 'OL
was found to be 2.88 X 105 M- l cm -1 ( s ee Fi g ure 6) .
eqUation (10) , a Plot

0 '

- ED) /

( E

(i~ _ ED)

From

DL
yie lds a st r aight line with a 2Sl ope of (/8 T ) from
2
which
the oVerall equilibrium co nstant is obtained (see Fig ure 7) .

Eq Uilibrium
4_ c o nstants obtained With different concentrations
of Ni - TSPC

and PYridine were i n excel l ent agreement .

Thelr va lues at 15°, 21° , 30°, 35 0 and 400C were 1 . 7 , 1.9 ,
2
It has been reported
2 . 8, 3.6, and 4.4 M- , respective l y.
that t he linearity of the above - mention e d p l ots is a test
for the propOsed eqUi l ibl'ium. 44
p l ots o btained from equat i or.

On l y When n

=

2 are linear

(9 ) and equation (10)

2
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Fi g ure 6.

Plot of [LJY (i~T

- ~ D)

Det e rminat ion of £DL .
2

vs [LJ

2

for the
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Fi g ure 7 °

Plot of

(EDL 2 - ED) /

for the Determination of

(i~T e2

0

ED)

VS

l/[L] 2

't'
JJ

r.:It>

o

(5

~

~

•
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while nonlinear plots were obtained for other proposed equilibrium.

The addition of pyridine to the dimer instead of

the monomer is consistent with the Positions of the spectral
bands and the spectral shifts reported in the literature for
44
other analo g ous systems.
,45,48 One band is located at the
same wavelen g th as the dimer in aqueous solution while the
second band is shifted to the same extent exhibited in porphrin systems.

In the Ni-TSPC(Py ) 2 4- system, the shift of

the new band from the dimer Position is about 40 nm .
The addition of pyridine to the dimer instead of the
monomer is sUpported by the obse~vation that no spectral
change occurs upon addition of pyridine to Ni -TSPC4- in
4 20
DMSO where only the monomer is present.'

One Possible

explanation for the addition of pyridine to the dimer instead
of the monomer is that a greater transfer of electron density
from the central metal to the phthalocyanine rin g occurs
in the dimer which would enhance the pi -pi interaction of
the monomer uni t sand s tabili ze the dimel· .

Moreover , the

decrease of electron density on th e central me tal would
promote li g and binding to its open axia l position.
The increase of 6 2 with temperature shows that the
additi o n o f pyridine t o Ni-TSPC 4- is an endothermic proceSR .
The Gibbs - Helmholtz

p~ot yields a aHo val ue of 6 . 9 kcal/mole.

De spite the unfavorable enthalpy change, the addition of
pyridine is thermodynamically favorable (6Go=- . 62 kcal/mole
at 30°C) due to the entropy change (asO = 25 e.u.).

Table 7

presents the thermodynamic parameters for this system.

Table 7
Thermodynamic Parameters of the Ni-TSPC(PY ) 2 ~ - System

Temp

a2

(0 C)

( M- 2 )

15

1.7

21

lIG o
(kcal/mole)

lIHo

lIS o

(kcal/mole

( e . u.)

-.30

6.9

25

1.9

- . 38

6.9

25

30

2. 8

- .62

6.9

25

35

3. 6

- .78

6.9

25

~O

~.~

-.92

6.9

25

Due to the lack of information on pyridine _ metallo_
Phthalocyanine systems, a comparison of equilibrium constants

4with other M-TSPC

4-

of Ni-TSPC(PY)2

is not Possible.

In fact, a comparison

with Nickel(II) porphyrin Sy stems (see

Table 8) is also not fea s ible because of the effe c t of
different solvents on the stability of the pyridinated
sp e ci e s as well as the diffe rent number of pyridine molecules
complexe d .
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Table 8
EqUilibrium Constants of
Some Pyridinated NiCII)-Porphyrins
and the Ni-TSPC 4- Complex
Complex
Ks
NiCII)-tetraPhenylporphineCPy)
Ni CII)-rnesotetraPhenylporphinecPy)
N1CII)-tetrapyriQYlporphineCPy)2
NiCII)-hematoporphineCPy)2
NiCII) - TSPCCPy)2

T
C°C)

Solvent

Ref .

.05

30

Benzene

48

1016

25

Chlorofonn

49

SOl

25

Chlorofonn

50

32

25

Chlorofonn

50

2.80

30

Water

this work

RECOMMENDATIONS
Some Possible recommendations for future studies with
Ni -TSPC

4-

and other substituted and unsubstituted metallo-

phtha l ocyanines are as follows:
1.

For additional spectral studi es of Ni-TSPC 4- in

blood serum, it is recommended that the blood serum be
filtered to a constant protein level prior t o use.
2.

Kinetic measurements on the addition of pyridine

4-

to Ni -TSP C

should be made using concentration-Jump re-

laxation methods.

3.

Spectral studies could be made on the second and

third row transition metals to examine the effect of metallic
size on the polymerization properties o f tetrasulfonated
metalloPhthalocyanine complexes .
4.

The

e ! l ~ ct

of different solvents on the Ni -TSPC4 -

monomer-di mer equilibrium should be examined.
5.

A spectral examination could be made on the in -

fluence of different ring substituents on the monomer-dimer
equilibrium of the Ni-TSPC 4- complex .
6.

The effe cts of bipyridine and tripyridine on the

monomer-dimer equilibrium of Ni-TSPC 47.

A study of the oxygen uptake

in other solvents should be made.

49

should be examined.
properties of Ni -TSPC4-
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